The metastable and stable pitting behaviors on different surface roughness finishes for DSS 2205 stainless steel have been investigated. Surface roughness was analyzed through the adoption of atomic force microscopy (AFM). Pitting corrosion susceptibility of duplex stainless steel (DSS) 2205 in sodium chloride solution was evaluated by means of critical pitting temperature (CPT), potentiodynamic polarization, electrochemical impedance spectroscopy (EIS) and potentiostatic measurement. The statistical analysis revealed that the smoother surface of DSS 2205 exhibited lower pitting corrosion susceptibility and better corrosion resistance. Based on the surface analysis, depth-width ratio was introduced as a parameter to present surface roughness and was used in the characterization of the relationship between surface roughness and pitting corrosion.
INTRODUCTION
Duplex stainless steel (DSS) has been widely used in oil and gas exploration as well as in marine environments, due to its good corrosion resistance in highly aggressive environments, especially in the circumstances containing chloride ions. Because of its practical importance, the pitting corrosion resistance of DSS, which is closely related to the service conditions, has been extensively studied.
Among the factors that affect the pitting corrosion resistance of stainless steels, surface roughness, which is controlled by different surface treatments, is believed to be a critical parameter. Previous researches have mentioned the relationship between surface roughness and typical pitting corrosion parameters including pitting potential [1] and critical pitting temperature [2, 3] (CPT). Pitting potential, which is the minimum potential of stable pitting propagation, was found to be much lower on rougher surface. The results for CPT also indicated that rough surface led to greater susceptibility to pitting. A theoretical model was established by Moayed et al. [2] to illustrate the relation between surface roughness and critical pitting temperature (CPT). Then Hong and Nagumo [4] focused on the influence of surface roughness on metastable pitting, which is considered as the precursor of stable pitting, and found out that it was more harder for metastable pits to occur on smooth surface in the early stage of corrosion. Moreover, it was reported that metastable pitting nucleation [5] and its propagation process to stable pitting [6] was strongly dependent on surface geometry, which could control the diffusion rate and maintain the aggressive environment within the pit site. To verify this hypothesis, electrochemical noise (EN) was also adopted to monitor the pitting corrosion behavior before reaching the critical condition, and to evaluate the pitting probability of stainless steel [7, 8] .
However, few works have combined these parameters or methods, and a simple, reliable form to express the influence of surface roughness on pitting corrosion resistance is required. Moreover, a theoretical model has not been established between surface roughness and pitting susceptibility in the field of DSS, which has more complicated phase composition than austenitic SS. In the present work, we have focused on the effects of surface roughness on the metastable and stable pitting initiation of DSS and the different techniques to detect them. The proper parameters to describe the interrelation between roughness situation and pitting initiation has been measured as well.
MATERIALS AND SAMPLE PREPARATION
The material used in the work was commercial 2205 duplex stainless steel (DSS2205). Its chemical composition is listed in Table 1 . All the specimens were stabilized through solid solution heat treatment (at 1050 ºC for 1h followed by water quenching). The specimens were sealed in epoxy resin in order to ensure the exposure area was 10 mm × 10 mm. The reverse side of the specimen was welded to a copper wire to provide an electrical connection. The surfaces of the specimens were prepared by mechanical grinding (180 #, 600 #, 1000 # and 2000 #) and then polished using diamond polishing paste with particles of 2.5 μm in order to produce the same initial surface condition. The final surface roughness of the specimens was carried out using different grits abrasive paper. Before each experiment, the specimens were degreased by ethanol, rinsed by distilled water and dried in an oven for at least 4 hours. 
Morphological characterization
The surface morphology was observed and analyzed with optical microscope, step profiler and dimension icon atomic force microscope (AFM; Bruker, Germany). The pit morphology was studied by optical microscope and scanning electron microscopy (SEM; PHILIPS XL30FEG, Netherlands)
Electrochemical evaluation
The electrochemical test methods used to evaluate the pitting corrosion susceptibility of specimens were as follows: measurements of critical pitting temperature, potentiodynamic polarization, electrochemical impedance spectroscopy, electrochemical noise test and potentiostatic test. All these electrochemical measurements were performed in the 1 M sodium chloride aqueous solution using a PARSTAT™ MC multi-channel potentiostat/galvanostat. The reference electrode was the saturated calomel electrode (SCE).
Critical pitting temperature (CPT)
Before the CPT measurement, the cathodic polarization of the working electrode was firstly performed at -900 mVSCE for 120 s and was then stabilized at open circuit potential (OCP) for 10 min at 5 ºC. CPT measurement was conducted at an applied potential of 750 mVSCE with the solution temperature rising from 20 ºC at the heating rate of 1ºC•min -1 . The current density was recorded simultaneously along with the temperature data. The CPT of the specimen was determined as the temperature when current density exceeded 100 μA•cm -2 . After the current reach the threshold of 1 mA•cm -2 , the solution was cooled down at a rate of 2 ºC•min -1 . The pitting repassivation temperature (PRT) was determined as the temperature when the current went below to 100 μA•cm -2 in the reverse scan.
Potentiodynamic Polarization
The potentiodynamic polarization was conducted within the temperature range from 45ºC to 60 ºC at a scan rate of 10 mV/min. Before the polarization measurement, the specimen went through cathodic polarization and OCP stabilization as well. The polarization potential range was from -100 mV to 1200 mV vs. OCP.
Electrochemical impedance spectroscopy (EIS)
The potential applied in the experiment was 500 mVSCE. The testing temperature range was determined by CPT measurement. The EIS in the frequency range from 10 kHz to 1 MHz was measured with a perturbation signal of 10 mV and 12 points per decade. The solution temperature was selected based on CPT measurement.
Potentiostatic Measurement
The potentiostatic electrochemical test was performed within a temperature range from 50 ºC to 60 ºC. The potential applied in the test was 200 mVSCE, according to the results of potentiodynamic polarization curves. The current transient which exceeded 500 nA above the background passive current was recorded.
RESULTS AND DISCUSSION

Surface morphology and roughness
The AFM images of DSS2205 surface morphologies prepared by abrasive papers of different grit numbers are displayed in Fig. 1 . According to the images, surface roughness decreases with the increase of grit number. For each specimen, a series of profile line-scans were conducted, and the corresponding average roughness value was calculated. Fig. 2 shows the typical surface profiles of different surface roughness conditions obtained from AFM roughness analysis. It can be clearly observed from the Fig. 2 that the grinding process with large particle abrasive paper (180#) produced open and deep grooves on the surface, and the peak height and valley depth of the surface topography decreased significantly with the increasing of grit number. The average surface roughness (Ra) was commonly used to represent the arithmetical mean deviation of the roughness profile of the surface and the values were compared in Table 2 . The values of Ra in the table illustrate that the surface roughness of the prepared specimens span over two orders of magnitude. 
Surface effects on critical pitting temperature
Critical pitting temperature (CPT) can be used as a means for ranking susceptibility to pitting corrosion [9] . Therefore, this parameter was measured preliminarily to confirm the disparity of pitting resistance of the specimens with different surface conditions. Fig. 3 shows the current-temperature output of the working electrodes in the CPT method. The CPT value for each surface roughness sample was repeated at least three times, and the mean values and deviations of CPT for different surface finishes are shown in Table 3 and Fig. 4 . It is obvious that the CPT values increases as the surface roughness decreases. For the roughest surface (ground with 180 # abrasive paper), the CPT value was 50 ºC, about 10 ºC lower than the value of the polished surface. The result reveals the remarkable effect of surface roughness on duplex stainless steels. Moreover, same variation trend with surface roughness was found in the deviations of CPT. According to the results compared in Table 3 , the standard deviation of smoothest surface finish (2.5 μm paste) was within a range of 1.63 ºC whilst that of 180 # had a range of almost 3 ºC. It can be concluded that the reproducibility of CPT on the smoother surface is distinctly higher than on the rougher one. This result is in accordance with the model of CPT transition proposed by Salinas-Bravo and Newman [10] . In their work, the CPT is defined as the temperature when the icrit is equal to the ilimit According to the model, a critical current density of passivation (icrit) exists in the concentrated solution inside pit, which increases with temperature more rapidly than the diffusion-limited anodic current density (ilimit). In addition, icrit is independent of the pit morphology while ilimit is not. Therefore, the effective diffusion length of the pit and the distribution of the initial pit sizes and shapes would lead to the variation and deviation of ilimit. These changes of ilimit are finally reflected in the change of CPT values. The schematic diagram of this model is shown in Fig. 5 . In this measurement, the pitting nucleation area distributed much more widely across the rougher surface, and also had a broader distribution of shapes and sizes, which leads to the larger deviation of CPT, as show in Fig. 5 . Moreover, narrow deep grooves on rougher surface increased the effective diffusion length of the pitting area, so making the concentrated local solution environment easier to maintain, and that reduced ilimit as well as CPT values. Pitting repassivation temperature (PRT) measurement was also carried out. PRT represents the pitting repassivation capability of stainless steel because pitting corrosion has been proved to be thermally irreversible [11] . In this research, PRT can reveal the influence of surface roughness on stable pit propagation and repassivation [12] . Fig. 6 depicts the typical cyclic temperature-changing measurement curve of DSS2205. From the results, it was observed that the current density did not decrease instantly once the temperature dropped, suggesting that pitting corrosion of DSS2205 still remained in the propagation stage. The rapid drop of the current density after peak value indicated the occurrence of repassivation behavior and the results are summarized in Table 4 . The values of PRT for the specimens were in the range from 35 ºC to 37 ºC, and the standard deviations were close as well, within 1.2 ºC. Unlike the CPT values, there is no obvious disparity between them. Fig. 6 also shows that the maximum current density was independent of surface roughness, indicating that surface morphology might not be a controlling factor in the propagation stage and possible repassivation process of pitting corrosion. Based on the results above, the effects of surface roughness on pitting corrosion are mainly concerned in the nucleation of pitting and the conversion from metastable to stable pitting. Potentiodynamic polarization is another common method to evaluate the pitting corrosion resistance of SS through measuring the breakdown potential (Eb), which is the potential where current density exceeds 100 μA•cm -2 as determined by Qvarfort [13] . Fig. 7(a) shows the typical potentiodynamic polarization curve of DSS2205 with different surface roughness degrees in 1 M sodium chloride solution at 50 ºC. The polarization results for specimens at 55 ºC and 60 ºC are displayed in Fig. 7(b) and Fig. 7(c) , respectively. Obviously, Eb shifted in positive direction as the surface became smooth at all temperature conditions. For instance, at 50 ºC, Eb values increased from 500 mV for the 180# surface finish, to 1100 mV for the 2.5 μm paste finish. A similar increase was also observed at 50 ºC and 60 ºC, which was from 450 mV to 1100 mV and from 400 mV to 900 mV respectively. Eb values are plotted as a function of temperature in Fig. 8 based on the experiments measured from 45 ºC to 60 ºC, CPT could also be defined as the temperature where the potential declined sharply to breakdown potential range [2] . The results were consistent with those obtained from the potentiostatic CPT measurement, suggesting a rougher surface promoted the occurrence of stable pitting. Since the rougher surface was considered to contain more narrow-mouth cavities, which had a higher possibility to precipitate a salt film on the pit surface, the local saturated environment inside the pit was more easily maintained and the pit stability was enhanced. As a result, the requirement for salt film formation was less on the coarse surface. The formation rate of salt film is demonstrated to be reduced with the decrease of modal current density of the metastable pit, which corresponds to a lower potential [6] . It is therefore reasonably to deduce that the potential of metastable-stable pit transition declines on a coarse surface. Moreover, some current transient can be seen in the passive domain of the polarization curve. These current peaks represented the metastable pitting activity below Eb. For further study, all the current transients which were 1 μA larger than the background passive current density had been recorded. Fig.  7 (a), (b) and (c) indicate that the potential where current peaks first appeared increased as the surface became smoother. At 50 ºC, the initial occurrence of a transient was around 150 to 250 mV (SCE) for the relatively rough 180# surface, and for the smoother polished surface the potential was above 400 mV (SCE). For the rest of the specimens of 600#, 1000# and 2000#, the potential was in the range from 200 mV (SCE) to 400 mV (SCE). When the temperature went to 60 ºC, the mean value of the potential for the specimen with a polished surface was still about 100 mV above that of the rougher surface one, based on the results obtained from the repeated experiment for each sample. In addition, the number of the transients also showed a growth trend as surface roughness increased. According to AFM results, rougher surface provides a larger number of more occluded sites which can easily form the diffusion barrier and establish a concentration gradient [14] . The metastable pit was demonstrated to occur at the pre-existed occluded site which can maintain the internal solution concentration [15] , so these results illustrate that the rougher surface enhances the possibility of metastable pit nucleation and can activate metastable pits at lower potential. Consequently, these current transients prove the influence of surface roughness on the initiation of pitting corrosion.
Surface effect on electrochemical impedance spectroscopy (EIS)
In order to ensure whether the influence of surface roughness on pitting corrosion was generated from passive film resistance change or not, EIS measurement was applied. The solution temperatures were 45 ºC and 50 ºC, which were slightly lower than the CPT based on the aforementioned electrochemical measurements. Fig. 9(a) shows the EIS results of different surface roughness under applied potential of 500 mV in 1 M sodium chloride solution at 45 ºC. The Nyquist plots manifest that at 45 ºC, the specimens with different surface finishes maintain a passive surface because there were only randels-circuit like features in the plots which are ascribed to surface passivation [16] . It is also observed that the diameter of the depressed semi-circle, which corresponds to surface inhomogeneity [17] , decreased by roughening the surface of specimen. Fig. 10(a) presents the equivalent circuit used for fitting. And the fitting results obtained are listed in Table 5 . In this circuit model, Rs stands for solution resistance. According to the results of the table, the values of Rs were similar and can be neglected compared to the charge transfer resistance related to passive film (Rct). As can be seen in Table  5 (1) Where P is a magnitude parameter, n represents the deviation parameter (0.5 ≤ n ≤ 1 is generally measured in equivalent circuit). On this basis, electrical double layer capacitance in the circuit can be calculated using the following equation [20] [21] [22] :
The measured values of electrical double layer capacitance are listed in Table 5 . The n value increased from 0.866 to 0.887 while the surface became smoother, showing the behavior was attributed to surface heterogeneity [20] . 
Where 0 is the permittivity of vacuum, is the dielectric constant, is the surface area and is the thickness of the passive layer. Since 0 , , were constant in this measurement, the variation of Cpass was attributed to the specific surface area changes. The calculation of Cpass gave the same indication that a rough surface decreases the surface corrosion resistance of DSS2205 as Rpass did. When the temperature increased to 50 ºC, which is above the CPT of 180# ground surface, EIS results are shown in Fig. 9(b) . For the specimens with CPT above 50 ºC, the plots were still simple Randles-like features, but a notable decrease had taken place on total impedance for the 180-grit ground sample, implying the occurrence of pitting corrosion. A different equivalent circuit was used to simulate this condition, as shown in Fig. 10(b) . Rps represents pitting solution resistance, Rpit is the pitting charge transfer resistance and Cpit is the pit double layer capacitance. These parallel elements were added to distinguish the pitting area from the passive surface because the anodic current density of the metal surface within the pit led to considerable IR drop, and the parameters are displayed in Table 6 . As can be seen from the table, the total impedance of the smoother specimen had reduced by 90-400 kΩ•cm 2 due to the degenerative effect of temperature on the passive film condition and reaction rate [22, 23] . The rapid decline of the impedance of the relatively rough 180# surface at 50 ºC was consistent with the results obtained from CPT measurement. In conclusion, the changes of surface impedance revealed the influence of surface roughness on the surface corrosion behavior of DSS2205 and the generation of stable pitting as the consequence. To further investigate the pitting nucleation behavior shown in the potentiodynamic method, potentiostatic measurement was conducted. The experiment was measured at 45 ºC, 50 ºC, 55 ºC and 60 ºC in light of the polarization curves mentioned above, the applied potential was 200 mV (SCE) in the passive region. Fig. 11 shows the typical potentiosatic curve and the measured electrochemical current noise (ECN) of DSS2205 in 1 M sodium chloride solution. It can be seen that the current density of 180 grit surface finish increased rapidly from less than 300 nA•mm -2 to over 2 μA•mm -2 after anodic polarization for 800 s, implying the tendency for pitting corrosion. In contrast, the current density of the smoother surface maintained at a passive current level of about 100 nA•mm -2 and decreased with time.
Figure 10. Equivalents circuits used to model the EIS results: (a) passive condition and (b) pitting occurrence
Surface roughness effect on potentiostatic measurement
Several current transients were shown in the plot of 600#, 1000#, 2000# surface, however the polished sample exhibited no current peaks. These transients can be described as the propagation and repassivation of metastable pitting [24] . AFM test revealed the dish shape metastable pits on the specimens, as shown in Fig. 12 .
In order to quantify the electrochemical activity of the sample surface, the maximum peak current im values of specimens at different temperatures are illustrated in Fig. 13 . Apparently im increased with temperature and was independent of surface roughness. According to the research of Salinas-Bravo and Newman [10] , a critical current density of passivation (icrit) exists in the concentrated pit solution. At the temperature below CPT, icrit is lower than the limited diffusion current density, ilimit, and the metastable pit is repassivated instead of growing into a stable pit. Therefore, in this measurement, the im of metastable pits for all samples were rate-controlling and were close to icrit, which means the pit growth was under charge transfer control and a repassivation process. The standard deviations (SD) of the current transients were also calculated and the results are exhibited in Fig. 14 , with each point being repeated three times. The polished sample had the lowest SD at all the conducted temperatures, and in contrast, the 180# surface was prone to metastable pitting with the highest measured SD. It can be concluded that a rougher surface tends to have a wider range of occluded morphology for pit initiation. Additionally, the SD value of polished surface at 60 ºC was still much lower than the SD of 180# at 50 ºC, indicating that the influence of surface roughness on pit initiation is stronger than the temperature factor. The metastable pit number per minute based on current transient data is summarized in Fig. 15 , with each data point being repeated at least three times. As can be seen from Fig. 15 ., the metastable pit number per minute was reduced with an improvement of surface roughness. This is because the rough surface has relatively high possibility for the nucleation of metastable pit, since an uneven surface provides much more diffusion-limited areas and various surface defects to maintain the aggressive pit electrolyte [25] . In summary, these results demonstrate that the rougher surface, which contains more confined cavity areas, contributes to the increasing probability of metastable pitting nucleation. 
Surface roughness effect on pit morphology and location
Fig . 16 displays the optical microscope image of the pit corrosion attack on the 2205 stainless steel samples obtained from the polarization test. The stable pits on the rough surface were obviously located on the grooves generated by mechanical grinding, suggesting the facilitation of large surface roughness on stable pit occurrence. Specifically, the rough surface provided an occluded area which can maintain the pit's internal solution environment for the pit initiation and the metastable-stable pit transition. Moreover, as can be observed from Fig. 16(c) , the stable pit on polished specimen displayed a lacy cover. According to the previous research [26] , the formation of perforated lacy cover is due to that the pit chemical environment near the bulk solution cannot reach the critical cation concentration, thus the pit passivates near the mouth, then further dissolutions undercut the passivated parts and holes emerge on the surface, which is observed as lacy cover on metallography. In this work, smooth surface, i.e. the surface of polished specimen, only have shallow cavities and a short diffusion length, so the cations in the pit are easy to diffuse into bulk solution. The lacy cover has formed in this situation and become a barrier to slow the diffusion process and maintain pit growth.
The pit initiation position on duplex stainless steel was investigated in detail with the utilization of Back Scattered Electron Imaging (BSE) on the sample after the potentiostatic test. The images are displayed in Fig. 17 . As is shown in Fig. 17 , the metastable pits mainly initiated at the austenite-ferrite phase boundary. The reason of this phenomenon is probably ascribed to higher energy at these sites [27] . Some metastable pits can also be observed in the ferrite phase (darker phase), corresponding to the lower pitting resistance equivalent number (PREN) of the ferrite phase [28] . In addition, the position of metastable pits on the different surface roughness samples was similar, so it can be deduced that the influences of surface roughness on both phases of duplex stainless steel are equal, and the distribution of metastable pits initiation sites is not affected by surface roughness. 
Relationship between surface roughness parameters and pitting corrosion
The data obtained from the method above suggests a strong impact of surface roughness on the nucleation of the metastable pit and its transition to stable pit. To better describe this effect, a specific surface roughness parameter should be introduced to establish the quantitative relationship. The main parameters to characterize surface roughness are arithmetical mean roughness (Ra) and maximum height roughness (Rz). But these parameters do not have an explicit correlation with the usual pit parameters. For the purpose of providing an accurate description of effective depth for various surface conditions, the depth-width ratio of the groove was calculated in present work. In order to insure the statistical accuracy of the depth-width ratio, the 12 deepest grooves, which were mainly located at austenite-ferrite phase boundary, were measured on each surface finish. For a specific groove, the distance between both ends of the open mouth was calculated as the width w, and the length between pit mouth and the bottom can be defined as the depth d. A schematic of the computed model is shown in Fig. 18 . The statistical results of the width and depth are summarized in Table 7 . As can be seen from the table, the average value and standard deviation for the depth of the grooves increased while surface became rougher, but the change of depth is obviously larger than the change of width, suggesting that the open angles of the grooves on the different surface conditions varied significantly [29] . Fig. 19 exhibited the distribution of depth-width ratios for different surface roughness. It can be seen from the plot that all the distributions of the depth-width ratios accorded with the C. Hence, the mean value can be used to characterize the ratio of different surface roughness, in other words, the average depth-width ratio value can represent the openness of pre-existent pit areas on different surface conditions. Both the mean value and the standard deviation of the depth-width ratio increased with the enhancement of surface roughness, which indicates a positive correlation between depth-width ratio and effective diffusion length in agreement with the Salinas-Bravo and Newman model [10] . According to previous research, the anodic salt film was assumed to be formed to maintain the inner saturated concentration, initiate the metastable pit and sustain the stable pit [6] . It was described as an extremely thin film and thought to be formed due to the chemical equilibrium between the ionic solution and solid metal [30, 31] , so the ion concentration in the pit solution beneath the salt film was thought to be constantly close to saturation. This sufficient concentration of metal ions was considered to be the essential condition for the allowance of pit growth and the metastable-to-stable transition [32, 33] . Furthermore, within the pitting process, the migration effect on the transport of reactive ions can be neglected due to the assumption that the bulk solution acts as the supporting electrolyte [34] . In the light of these theories, the total ionic flux can be calculated by Fick's first law based on the simplified one-dimensional linear diffusion model, using the following equation:
Where is the diffusion coefficient, 0 is the concentration of the pit bottom which beneath the salt film, is the length of the grooves, and is the depth-width ratio, which is defined to be:
Assuming that the interfaces between the pit domain and the bulk solution of different surface conditions have equal area, the limited diffusion current density ilimit can be obtained with the insertion of Faraday's law into equation (5), and may be written as:
Where is Faraday constant, is the valence number of ions, 0 is the critical area of interface. Obviously, ilimit is inversely proportional to the depth-width ratio, and this correlation is similar to the relation between effective diffusion length and anodic diffusion current density in the hemisphere pit model, which was summarized by other researchers in the following equation [35] :
Where is diffusion coefficient, sat is the critical metal ions concentration, is Faraday constant, ℎ eff is the effective diffusion length. On account of the small change of the measured solution temperatures, and can be considered as unchanged in this situation. Based on the above comprehension, the effective diffusion length can be broadly understood as the length of the pit when pit open zone reaches the critical size, which is corresponding to the depth-width ratio in this research. Fig. 20(a) shows the change tendency of ilimt with the reciprocal of depth-width ratio. In the CPT transition model [10, 36, 37] , icrit is equal to ilimit at CPT. Also, the functional relation of icrit-temperature corresponds to that of maximum transient current im with temperature, according to the analysis of potentiostatic measurement in Fig. 15 , so ilimit values for different surface roughness conditions can be estimated at their corresponding CPT. Fig. 20(a) illustrates that there is a negative linear correlation between ilimt and the reciprocal of depth-width ratio, indicating the depth-width ratio and ℎ eff have a similar functional relationship with the anodic diffusion current density. Hence, the strong correlation between aspect ratio and ℎ eff can be seen, and as a result, the aforementioned understanding of depthwidth ratio and its effectiveness as a quantitative parameter to represent the diffusion length for different surface roughness has been proved. ) shows the relationship between the CPT of DSS2205 stainless steel and depth-width ratio for different surface roughness. It can be seen from Fig. 20(b) that good linearity between CPT and depth-width ratio was achieved, which is consistent with Salinas-Bravo and Newman model. The increase of limited diffusion current ilimt was attributed to the decrease of diffusion length which has the strong correlation with the change of surface cavity openness.
The interrelation between pitting potential Eb of DSS2205 stainless steel and depth-width ratio above CPT temperature is displayed in Fig. 20(c) . It is observed that Eb dropped linearly as the reciprocal of width-depth ratio decreased. This correlation reflects the effectiveness of depth-width ratio for estimating pitting corrosion susceptibility. Rougher surface provides much more occluded geometries, leading to the increase of effective diffusion length and decline of ilimit. Due to the linear dependence of pitting potential on the logarithm of ilimit [38] , Eb decreased as the result of the drop of ilimt.
Additionally, the correlation between metastable pit numbers and the depth-width ratio of the specimens is shown in Fig. 20(d) . It is clear that the pit initiation probability increased linearly with the increase of width-depth ratio. Hence, the pit initiation stage is also affected by effective diffusion length and the electrochemistry in the primary sites, which needs further investigation in the future.
Given these functional relationships between depth-width ratio and pitting characteristic parameters, depth-width ratio is significantly accurate to represent pitting corrosion susceptibility as a quantitative surface roughness parameter.
CONCLUSIONS
The pitting corrosion of different surface roughness for DSS2205 stainless steel has been studied by a series of electrochemical measurements. The pitting corrosion resistance of DSS2205 was distinctly influenced by surface finish condition. Compared with rougher surface, smoother surface condition led to a better pitting resistance and a lower susceptibility. The novelty of this research is in introducing depth-width ratio as an effective parameter to represent the relationship between surface roughness and pitting corrosion parameters. The conclusions obtained from this research can be summarized as： ⑴ With the surface becoming rougher, the CPT value and Eb of DSS 2205 stainless steel decline, indicating that rough surface generates more occluded sites which is apt to maintain the pit propagation process and facilitate metastable-stable transition; ⑵ Due to the area effect caused by surface roughness, the corrosion resistance of DSS 2205 stainless steel is lower on rougher surface, thus the possibility of pitting corrosion increased. ⑶ The number of metastable pits on DSS 2205 stainless steel increased as the surface became rougher. This result demonstrates that rough surface finish contributed to the increase of pitting initiation and hence raises the possibility of both metastable and stable pitting for the material. ⑷ The metastable pits of different surface roughness specimens are mainly located at the ferriteaustenite phase boundary, so the distribution of pits on the metallographic structure is not discernibly affected by the surface roughness factor. ⑸ Depth-width ratio of the surface occluded site is an effective characterization parameter of the surface roughness and could accurately represent the effective diffusion length of the pit, according to calculations. Consequently, it is suggested that the relationship between surface roughness and pitting corrosion susceptibility can be characterized by this aspect ratio with ilimit, CPT, Eb and the pit initiation rate.
